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RQHZKLFKZHXVHGWRFRPSDUHRXURXWSXWVLVFRPPRQO\XVHG/''>@
0DWHULDOVDQG0HWKRGV
3ULRU WR WKH H[SHULPHQW WKH WHVWLQJ ILHOG KDG WR EH SUHSDUHG 7KH WHVWLQJ ILHOG LV ORFDWHG LQ WKH=LOLQD8QLYHUVLW\
&DPSXV >@ 7KH VL]H RI WKH WHVWHG ILHOGZDVPHDVXUHG ,WV SDUDPHWHUV DUH  [ P 3ULRU WR FRPPHQFLQJ WKZ
H[SHULPHQWLWZDVQHFHVVDU\WRDGMXVWPLQRUXQHYHQQHVVRIWKHWHVWLQJILHOG*ULGZLWKWKHVTXDUHVL]HRIFPZDV
PDUNHGRQWKHWHVWLQJILHOGDQGPHDVXUHPHQWVZHUHSHUIRUPHGDWHDFKVTXDUH/DERUDWRU\DQDO\VLVZDVSHUIRUPHG
RQDVDPSOHWDNHQIURPWKHXSSHUWKLUGRIWKHWHVWLQJILHOG/DERUDWRU\DQDO\VLVZDVSHUIRUPHGRQVDPSOHWDNHQIURP
WKHXSSHUWKLUGRIWKHWHVWLQJILHOG 
3ULRUWRIXUWKHUPHDVXUHPHQWVODERUDWRU\DQDO\VLVRIWKHVRLOZDVSHUIRUPHGLQWKHWHVWLQJILHOG,QDGGLWLRQWRVLHYH
DQDO\VLV WKH GHQVLPHWULF WHVW IOXLGLW\ DQG SODVWLFLW\ OLPLWV ZHUH DOVR SHUIRUPHG XVLQJ WKH 6WDQGDUG 3URFWRU
&RPSDFWLRQ7HVW )LJ:HKDYHGHWHUPLQHG WKDW VXEVRLOPDWHULDO LV FOD\ZLWKPLGGOHSODVWLFLW\)&,DQG LWV
RSWLPDOPRLVWXUHLV$FFRUGLQJWRWKH6ORYDN6WDQGDUG671WKLVW\SHRIVRLOLVFRQGLWLRQDOO\VXLWDEOH
IRUWKHFRQVWUXFWLRQRIHPEDQNPHQW

)LJ7KHUHVXOWVRIWKH3URFWRUVWDQGDUGWHVWRIIRXQGDWLRQVRLORI([SHULPHQWDOVWDQG'5(70,,

671   >@ GHILQHV WKH UDWH RI FRPSDFWLRQ DV UDWLR EHWZHHQ UHDO DQG ODERUDWRU\ GHILQHG RU LQ WHFKQLFDO
GRFXPHQWDWLRQ VSHFLILHG FRPSDFWLRQ ,W LV GHWHUPLQHG IURP GDWD UHJDUGLQJ GU\ GHQVLW\ RU DQRWKHU GHULYHG
SDUDPHWHUVHJGHIRUPDWLRQSDUDPHWHUVRIVRLO7KHUDWHRIFRPSDFWLRQDQGLWVGHILQLWLRQDUHWKHEDVLFSDUDPHWHUVRI
VRLO ,WVGHILQLWLRQUHVXOWHGIURPIHDWXUHVRIFRQVWUXFWLYHPDWHULDODQGIXQFWLRQDOLW\RIHDUWKZRUNVRUVXEJUDGH ,Q
DJUHHPHQWZLWK671VRLOVDQGRWKHUORRVHPDWHULDOVDUHGLYLGHGLQWRFRKHVLYHORRVHDQGWKHLUPL[WXUHV>@
([SHULPHQWDOPHWKRGVXVXDOO\XVHGWRGHWHFWWKHSDUDPHWHUVRIEHDULQJUDWLRDUHLQWURGXFHGLQ7DEOH
 
7DEOH7HVWLQJPHWKRGVWRGHWHFWGHJUHHRIFRPSDFWLRQXVHGLQ6ORYDNUHSXEOLF
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0HWKRG 7\SHRIPDWHULDO 0HWKRGRORJ\
'LUHFWPHWKRGV
GHWHUPLQDWLRQ RI EXON GHQVLW\ FXWWLQJULQJ WKH KROH
PHWKRG GHWHUPLQDWLRQ IURP WKH FDOFXODWHG YROXPH RI
WKHSLWDQGKXPLGLW\FDOFXODWLRQRID SDUDPHWHUV
6L6D*U%R&R
DFFRUGLQJWRWKH
DSSOLFDEOHPHWKRGRORJ\
671
671
,QGLUHFWPHWKRGV
UDGLRPHWULFPHWKRGV
6L6D%R&R $QQH[(
VWDWLFORDGWHVWV 6L6D*U%R&R $QQH[)
G\QDPLFORDGWHVWV 6L6D*U%R&R $QQH[*
JHRGHWLFFRPSDFWLRQFRQWUROOHYHOOLQJ *U%R&R $QQH[+
G\QDPLFPHWKRGRIFRPSDFWLRQFRQWURO 6D*U%R&R $QQH[,
SHQHWUDWLRQWHVWVVWDWLFG\QDPLF 6L6D*U%R&R 
Legend: F fine-grain soil, S sandy soil, G gravelly soil, B rocky and boulder backfill
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)RURXUH[SHULPHQWDOPHDVXUHPHQWVZHUHXVHG
 +XPEROGWJHRJDXJH+
 &OHJJ,PSDFW6RLO7HVWHUPRGHO&,67
 /''/LJKWG\QDPLFSODWH
Geogauge of type designation H-414 IURPWKHPDQXIDFWXUHU Humboldt0IJ&R1RUULGJH ,OOLQRLV86$ LVD
SRUWDEOHHOHFWURQLFPHDVXULQJGHYLFHWRGHWHUPLQHWKHGHIRUPDWLRQFKDUDFWHULVWLFVRIHDUWKVWUXFWXUHVDQGOD\HUVRI
WKH URDG VXUIDFH )LJ  $FFRUGLQJ WR WKH PDQXIDFWXUHU
V GHVFULSWLRQ LQ WKH PDQXDO RI WKH GHYLFH >@ WKLV WHVW
PHWKRGFDQEHFKDUDFWHUL]HGLQWHUPVRIWKHFODVVLILFDWLRQJLYHQLQ>@DVDG\QDPLFPHWKRGXVLQJWKHSULQFLSOHRI
PHFKDQLFDO LPSHGDQFH PHWKRG *HRJDXJH PHDVXUHV PHFKDQLFDO LPSHGDQFH RI WKH WHVWHG OD\HU UHVSHFWLYHO\ LW
PHDVXUHV WKHSUHVVXUHRI WKHYLEUDWLRQ WUDQVPLWWHG WR WKHVXUIDFHRI WKH OD\HUDQG WKH UHVXOWLQJVXUIDFH VSHHGDVD
IXQFWLRQRIWLPH>@
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)LJ7KHYLHZRIWKHHTXLSPHQW+XPEROGW+±DQGPHDVXUHPHQWVRQWKH([SHULPHQWDOVWDQG'5(70,,

0HFKDQLFDOLPSHGDQFHLVDTXDQWLW\WKDWFKDUDFWHUL]HVWKHUHVLVWDQFHRIHQYLURQPHQWDJDLQVWFKDQJHRILWVVKDSHRU
UHVLVWDQFH RI WKH HQYLURQPHQW DJDLQVW PRYHPHQW RI D ERG\ LQ LW *HRJDXJH DFFRUGLQJ WR > @ JHQHUDWHV
HOHFWURPDJQHWLFHQHUJ\GXULQJWKHPHDVXUHPHQWDW WKHOHYHORIIUHTXHQFLHVUDQJLQJIURP+]WR+]LQ
RQHLQWHUYDORIWKHPHDVXUHPHQW7KHPHDVXUHPHQWLQWHUYDOODVWVVHFRQGVDQGGXULQJLWJHRJDXJHFRQGXFWV
PHDVXUHPHQWF\FOHV*HRJDXJHZHLJKVNJWKHFRQWDFWRIJHRJDXJHDQGWKHVXUIDFHRIWKHOD\HULVSURYLGHGE\D
PHWDOOLF ULQJ RI PPGLDPHWHUZKLFK VKRXOG KDYH DPLQLPXPRI WKH FRQWDFWZLWK WKH IDFH RI WKH ULQJ
'XULQJ WKHPHDVXUHPHQW WKHYLEUDWLRQ WUDQVPLWWHG IURPJHRJDXJH WR WKH WHVWHG OD\HUFDXVHVPLFURPRYHPHQWVRI
JUDLQVRIWKHOD\HUPDWHULDOYDOXHPFDXVLQJWKHYHUWLFDOPRYHPHQWVRIWKHULQJZKLFKDUHPHDVXUHGE\
JHRJDXJHDQGWKHQHYDOXDWHGLQDSURFHVVRURIWKHJHRJDXJH)LJ

 












)LJ7KHVFKHPHRIDXQLWDQGWKHPHDVXUHPHQWSULQFLSOHXVLQJJHRJDXJH+

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266   Katarína Zgútová et al. /  Procedia Earth and Planetary Science  15 ( 2015 )  263 – 270 

7DEOH+XPEROGW+¶VSURVDQGFRQV
3URV &RQV
UDSLGUHVXOWVVHFRQGVSHUWHVW
GDWDVWRUDJHDQGGRZQORDGFDSDELOLWLHV
VLPSOHWRXVHPLQLPDOWUDLQLQJ
HDV\WRWUDQVSRUW
KDV$670VWDQGDUG'
VHQVLWLYHWRVHDWLQJSURFHGXUH
VHQVLWLYHWRWKHVWLIIQHVVRIWKHWRS±FPRIVRLO
IDLUO\H[SHQVLYH
VHQVLWLYHWRWKHVXUURXQGLQJYLEUDWLRQV
LPSDFWPHDVXUHPHQWLVRQO\PPLQGHSWK

2XWSXWSDUDPHWHUVRIHDFKPHDVXUHPHQWLQWHUYDODUH
 the elastic modulusLQWKHRULJLQDOOLWHUDWXUH>@UHIHUUHGWRDVWKH<RXQJ
VPRGXOXVLQWHUPVRI+RRN
VODZ
IRULVRWURSLFOLQHDUO\HODVWLFPDWHULDO*HRJDXJHPHDVXUHVYDOXHVRIWKHPRGXOXVUDQJLQJIURPP1P
 WR  01P ZKLOH IRU RXU SXUSRVHV ZLWK WKH QHHG WR GLVWLQJXLVK LW IURP RWKHU GHIRUPDWLRQ
FKDUDFWHULVWLFVZHPDUN LW DVEH PRGXOHGHWHFWHGE\JHRJDXJH+XPEROGW7KHPHFKDQLFDO EHKDYLRURI
SDUWLFXODUVXEVWDQFHVLHVRLOVEDFNILOOVFHPHQWHGOD\HUVDQGVLPLODUPDWHULDOVLVQRWRQO\QRQOLQHDUDQG
LUUHYHUVLEOHLQWHUPVRIVSDWLDOGLVWRUWLRQEXWLVDOVRDGGLWLRQDOO\GHSHQGHQWRQWKHFXUUHQWDUUDQJHPHQWRI
JUDLQV SDUWLFOHV WDXWQHVV VWDWH DQG LWVKLVWRU\DQG WKHKLVWRU\RIGHIRUPDWLRQRI WKHPDWHULDO*LYHQ WKH
DERYHFRQWUDU\WRWKHPDQXIDFWXUHURIJHRJDXJH,FRQVLGHUPHDVXUHGTXDQWLW\EH WREHUDWKHUGHIRUPDWLRQ
PRGXOXV GHWHFWHG XVLQJ G\QDPLFPHWKRG DV VKRZQE\ WKH DFWXDOPHDVXUHG YDOXHV IRU GLIIHUHQW W\SHV RI
PDWHULDOVZLWKIDFHYDOXHVVLPLODUUDWKHUWRWKHYDOXHVRIGHIRUPDWLRQPRGXOHVGHWHFWHGE\RWKHUPHWKRGV
WKDQDQHODVWLFPRGXOXV
 stiffness,GHILQHGE\)LJPHDVXUHGLQDUDQJHRI01PWR01PZKLOHIRURXUSXUSRVHVZLWK
WKHQHHGWRGLVWLQJXLVKLW IURPRWKHUGHIRUPDWLRQFKDUDFWHULVWLFVZHPDUNLWDVkH FRHIILFLHQWRIVWLIIQHVV
GHWHFWHGE\*(2*$8*(+XPEROGW
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
)LJ'HVFULSWLRQRIWKHSDUDPHWHURIVWLIIQHVVkHOLVWHGLQWKHPDQXDORIWKHGHYLFH

7KHGHSWKRIUHDFKRIWKHPHDVXUHPHQWRIWKHDERYHFKDUDFWHULVWLFVLVGHILQHGXSWRPPIURPWKHVXUIDFHOD\HU
WKHFRHIILFLHQWRIYDULDWLRQRIDFFXUDF\LV7KHPDQXIDFWXUHUGHFODUHVWKHVXLWDELOLW\RIWKHGHYLFHIRUFRKHUHQW
DQGLQFRKHUHQWVRLOVFHPHQWHGOD\HUVERXQGZLWKK\GUDXOLFELQGHUVDVSKDOWOD\HUVDQGVLPLODUPDWHULDOVDQGWKHUHLV
QRWGHILQHGPD[LPXPJUDLQVL]HRIWKHWHVWHGPDWHULDO7KHGHYLFHLVHTXLSSHGZLWKDVHOIFDOLEUDWLRQIXQFWLRQRQWKH
PHWDOFDOLEUDWLRQF\OLQGHU7KHGHYLFHDQGLWVXVHFRQIRUPWR$670'>@
'XULQJSUHOLPLQDU\WHVWLQJLWZDVQRWDFRQWUROOHGH[SHULPHQWRQWKHSUHFLVHO\GHILQHGWHVWILHOGRIDVLQJOHW\SHRI
PDWHULDO'HYLFHWHVWLQJDQGFRPSDUDWLYHPHDVXUHPHQWVZHUHFRQGXFWHGGLUHFWO\DWWKHFRQVWUXFWLRQVLWHVLQDGGLWLRQ
WR WKH UHJXODU FRQWURO WHVWV RQ GLIIHUHQW SDUWV RI WKH FRQVWUXFWLRQ RIPRXQGV VXEVRLO RI WKHPRXQG FRQVWUXFWLRQ
SODFH RQ WKH EDVH OD\HUV RI WKH URDG VXUIDFHV PDGH IURP FUXVKHG DJJUHJDWH FHPHQWHG OD\HU W\SH .6& , ZLWK
FHPHQWDQGWRDOHVVHUH[WHQWWKHORDGLQJDQGDEUDVLYHDVSKDOWOD\HU7KHWHVWHGPDWHULDOVZHUHDOVRLQDIDLUO\ZLGH
UDQJHIURPVWRQ\DQGERXOGHUEDFNILOOVFRPELQDWLRQVRIVWRQ\EDFNILOOVDQGFOD\H\VDQGDQGFOD\EDFNILOOLQOD\HUHG
PRXQG VWRQ\ EDFNILOO OD\HU RQ FOD\ VXEVRLO ORHVV UHLQIRUFHGZLWK OLPH VWDELOL]HG IO\ DVK FUXVKHG DJJUHJDWH RI
YDULRXV RULJLQ DQG IUDFWLRQ DJJUHJDWHV UHLQIRUFHG ZLWK FHPHQW DQG DVSKDOW PL[WXUHV 9DOXHV REWDLQHG IURP
KRPRJHQRXVXQLWV LHXQLWVZLWKWKHVDPHW\SHRIFRQVWUXFWLRQDQGWKHVDPHPDWHULDOVFUHDWHVRIDUVPDOOHUILOHV
FRQWDLQLQJ IURP  WR  YDOXHV ZKLFK DUH VWLOO QRW HQRXJK UHSUHVHQWDWLYH VR WKH UHVXOWV FDQQRW EH UHOLDEO\
JHQHUDOL]HG+RZHYHUFKDUWVEHORZLQGLFDWHDGHSHQGHQFHZLWKZKLFKLWLVSRVVLEOHWRNHHSZRUNLQJ)LJ7KH
PHDVXUHPHQWVZLOOFRQWLQXHDQG WKHSURIHVVLRQDOSXEOLFZLOOEH LQIRUPHGDERXW WKHP7KHDLPRI WKHFRPSDULVRQ
WHVWVLVWRJHWHQRXJKLQIRUPDWLRQWRPDNHWKLVPHWKRGYDOLGDWHGYHULILHGDQGVWDQGDUGL]HG
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